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Introduction

= Qutstanding problems in particle physics
and the role of hadron colliders

= Current and near future colliders: Tevatron and LHC

Standard Model Measurements
= Hadron-hadron collisions

= Cross Section Measurements of jets, W/Z bosons and top quarks
Constraints on and Searches for the Higgs Boson

= W boson and Top quark mass measurements

= Standard Model Higgs Boson

Searches for New Physics
= Higgs Bosons (beyond the Standard Model)
= Supersymmetry
= High Mass Resonances (Extra Dimensions etc.)

First Results from the 2009 LHC run



High Mass Resonances




Resonances or Tails

= New resonant structure:
= New gauge boson: S
Z —ee, uu, tr, tt

W =ev, uv, T, to qd'EM Mass Spectrum ' DO Run Il Preliminar
= Randall-Sundrum Graviton: L 7 AMMALASAALMA T Y
G—ee, uy, v, vy, WW, ZZ,... 3w 1
: o y
= Tail: = i |
. . [P 10 V. e 3
= Large extra dimensions [Arkani- S | ]
Hamed, Dvali, Dimopoulos (ADD)] @ .
Many many many resonances .
close to each other: .
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Large Extra Dimensions

A [Dienes, Dudas, Gherghetta, PL B436, 55 (1998)]
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* [ntroduce extra spatial dimensions

Their presence weakens gravity

Arkani-Hamed,
Dvali,

Dimopoulos
(1998)

Gravity gets much stronger and only appears to be so

weak
Addresses hierarchy problem



Collider Signatures of Extra Dimensions

= Monojets:

) >
= A graviton escapes { 9999393 :
(—l \\\(\;KK
= Dij-fermion or diboson ° ) J ) :
resonances o o
= Virtual exchange of 3 f v

graviton

Alternative model by Randall, Sundrum (1999)
predicts narrow resonances



Dilepton Selection

= Two high momentum leptons q Ay

= irreducible background is Drell-Yan ?/_Y_"
production

q |

= Other backgrounds:

Jets faking leptons: reject by
making optimal Iepton ID cuts Di-Electron Invariant Mass Spectrum
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WW, diphoton, etc. very small S CDF Run Il Preliminary "5,
L Drell-Yan
" Can SearCh for 8 104 |:|JetBackground
= Dielectrons P [ EWKeyy Background
: S 10°
= Dimuons 3 det= 1.3fb"
= Ditaus Z 102

= Electron+muon
flavor changing
= Dijets
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Spin-1 Bosons: 2’ and W’
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= 2 high P; leptons:

= ee, ev, uy, eu ....

= Data agree well with
background
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= Mass limit depends on this limit | >966 GeV >1030 GeV

= Cross section limit is independent of theory




do/dm, [pb/(GeV/c?)]

Data / Theory

Resonances in Dijets and Ditop
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= Data agree well with

background

= No sign of resonance

structure
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Constraints on Other Resonances

klﬁpl vs RS Graviton Mass Exclusion Plot
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= Many models predict new resonances
= Data constrain the masses and coupling strenghts
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Z’" type particles should be easy at LH(!

True momenta

- Initial al; t
Signal creates clear peak - oo o e ST
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Main background is well 3 | L _: §1:E_ _
understood theoretically ¢ 18 _5

Applies to any narrow £ 1% _5

resonances decayingto 1" ]
= electrons, muons, photons
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The 2009 Run

1st Beam Splash
| from Beam-2

Lots of firsts!:

Nov. 20: single beam
splash

Nov. 23: first 900 GeV
collisions (solenoid off)

Dec. 6: first collisions with

“stable” beam. Full inner

detector on for the first

time

Dec. 8: first collisions at

2.36 TeV: highest energy ! -

collisions ever! &\ ATLAS
Dec. 16: end of 2009 data- j—o’;fi‘;Efl”}QEQ”
taking (OUfff. j .) Run 142065, Event 116969

1
http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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Detector is fully operational

Pixels

SCT Silicon Strips

TRT Transition Radiation Tracker
LAr EM Calorimeter

Tile calorimeter

Hadronic endcap LAr calorimeter
Forward LAr calorimeter

MDT Muon Drift Tubes

(CSC Cathode Strip Chambers
RPC Barrel Muon Trigger

TGC Endcap Muon Trigger
[LVL1 Calo trigger

u Pixels and Silicon strips (SCT) at nominal voltage only with stable beams

B Solenoid and/or toroids off in some periods

16



Cumulative Number of Events

Summary of Data Taking in ATLAS

x10°
9002_ ATLAS Collision Candidates _,— - 35:_ ATLAS Preliminary
800C- MBTS A/C-side Coincidence Trigger N; -
- S sl —+— MBTS Online
700 — 2 F .% —+— Lucid Offline
600 — Total il 4 Liqui i
c 2 quid Argon Offline
5005_ —— During Stable Beams § 20
300 -
= 10(—
200 ;f
C 5
100 E— I_’_’_ e %4 Run142193: Dec 12 2009
e B I6[ : é ' '1'0' —g5——ag 1116 0 =200 500 6.0 1700 1800 19:00
Day in December UTC Time
Recorded data samples Number of Integrated luminosity
events (< 30% uncertainty)
Total ~ 920k ~20 ub
With stable beams (= tracker fully on) ~ 540k ~12 pb
At \Vs=2.36 TeV (flat top) ~ 34k =1 pb
Average data-taking efficiency: ~ 90% 17




Run: 142193, 12, Dec. 2009
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ATLAS Preliminary
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Online determination of the
primary vertex and beam spot
using L2 trigger algorithms

Spot size ~ 250 um
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Particle Identification

[TTTT T[T I T I T T T I T T T[T T T T TTTTTTTT

Preliminary 2009
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Sunday 6 December: machine
protection system commissioned

—> stable (safe) beams for first time

—> full tracker at nominal voltage
—> whole ATLAS operational

ad

~_
&‘ii“

CATLAS
S EXPERIMENT

2009-12-06, 10:24 CET
Run 141749, Event 460665

Event with
Kg— mttm—
Candidate

o —

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html



Observing well-known Resonances
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Photon Conversions: 7 >e*e-

ATLAS preliminary

. Data conversion candidate
MC conversion candidate
MC truth conversion
MC truth Dalitz decay

Pixel layer 1
Pixel layer 2
Pixel layer 3

Beam pipe

:— SCT layer 1

_’—I—llllllIII|IIII|I]II|IIII|IIII

=

!
i

= Probe material inside the tracker volume
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Resonances in the Calorimeter: 1°> ¢ ¢

>
< 6000
9 -
— 5000
0 —
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£ 4000
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1000 s Fit to data T
‘ ——e—— Non diffractive minimum bias MC .
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[ |

Events/ 0.005 GeV
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3 CMS preliminary 900 GeV Data
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2__ c= 0.01519+ 0.00022 _
15—
1_ Rt
* Nsig = 14967 + 224
0.5—
C S/B,, =1.26 +0.02

+2c
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Invariant Mass of Photon Pairs (GeV)

Photon candidates: E>300 MeV
= No corrections for energy loss before calorimeter
= Data and simulation agree very well

23



Calorimeter Energies

2009 Collisions . . ~_ EMENDCAP
Lu?’ 10':!;’; 4 ATLAS Preliminary ;,
S b | 3
Q E A _ E
Py 108 Er A =5 = 900 GeV Collision candidates
D F [ "””] Random trigger s
© 107 1 , —-=
'S E AN | Non-diffractive minimum bias MC =
g 107 EM scal g
8  .E scale |
E 107 7 .ag
10° LA M :"
106 "’Wﬁm
0y Hﬁ
f'- YA ‘ 1 1 1
107 2 4

# of Cells / 60 MeV / Event

ATLAS Tile Calorimeter

10‘ T T T T T T T T
10° .. 236 TeV Collision Candidates
- 900 GeV Collision Candidates
10° 900 GeV Random Trigger
10 s 2
ATLAS Preliminary
1
Uncorrected EM Scale
107
S
102 r .
.....l.”
10* LN
L/ 'o’?'.' " R
104 | 8 t HTf"‘; T 4
1" it i
10 ] C i1 1 l 11 1 1 i 1 1 i | 1 1 1 | i 1 1 | | 1 [
=1000 0 1000 2000 3000 4000 5000

; Tile. Cell E MeV
TileCalorimeter Energy from Topo{‘ﬁfster;grgv[ eVv]

= Cell energy distribution in LAr calorimeter very well

described by simulation

= Observe that higher energies are present at higher
centre-of-mass energy in Tile calorimeter
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First Jets in ATLAS and CMS

20 ET (GeV)
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Kinematic Properties of Jets
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= Shape agrees well between data and simulation
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Missing Transverse Energy

= Sensitive to many detector problems
= Noise, dead channels, miscalibration,...

= MEtx and MEty show the x- and y- component
of the missing transverse energy vector
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18000 T T R " S B
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16000 — Data

140003
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eoooi
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Missing E; Resolution

% 5 § I I I I I I I I I I I I | | | | | | I I Data: flt 0.38 2 ET
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= Data in good agreement with simulation
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Electron and Photon Detection

Normalized to Unity

0.351
0B T T 03 ATLAS preliminary
- ATLAS Preliminary C
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= |dentification of photons and electrons relies on
shower shape in electromagnetic calorimeter

= Nice agreement of data and simulation
= Good agreement in E/p distribution

= Compare energy measured in calorimeter to
momentum in tracker

= Probes material and electromagnetic energy scale



Calorimeter Response
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= Response to single

hadrons well understood
= Also good agreement vs

eta

= Covering many detector

technologies
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Conclusions

We know the Standard Model describes all collider data so far
= Great advances were made by the Tevatron
In probing strong and electroweak interactions
Searching for many new physics scenarios

We hope to discover new particles that address the
deficiencies of the Standard Model, e.g.

= Dark Matter (Supersymmetry)
= Hierarchy Problem (Supersymmetry, extra dimensions,...)
= Something unexpected

The Tevatron will continue to test the SM and the LHC will soon
rival it in discovery potential

= The 2009 pilot LHC run shows that the detectors work very
well

= The 2010/2011 run should deliver enough luminosity to start
probing the Higgs boson and new physics



Exciting times are ahead of us!
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